The determination of sodium and potassium in serum will be performed in the near future mainly by ion-selective electrodes. When the samples are highly diluted before measurement, a demonstrably accurate value of the electrolyte concentration in serum can be obtained. Accuracy control by using the pertinent reference methods of the National Institute of Standards and Technology (NIST) is well established for this purpose.
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Determinations in undiluted samples, using ion-selective electrodes
The Situation is quite different, when the serum is not diluted before measurement with ion-selective electrodes. (In the following, measurement with "ionselective electrode(s)" refers to the measurement of sodium). Since a variety of quantities may be reported, depending on calibration and calculation of results, the quantity involved in any measurement and calculation of result must be carefully defined.
Relative molal activity and active molality
When a sodium-selective electrode measurement system is placed in serum, a potential is observed. Its size is dependent on the amount of active sodium ions, äs described by the Nernst equation (equation 1):
-log a Na = pNa When a sufficiently specific electrode is available and interference can be neglected, the potentiai is only proportional to pNa, the negative decadic logarithm of the relative molal activity of sodium, a Na (Equation 2&3). Unfortunately, a reference method for the determination of the relative molal activity or active molality of sodium in serum is not yet available, but could be developed in the futüre, based ön the experience of the pH reference method (3). This seems to be the only approach that requires nö assümptions coticerriing the activity coefficient, sodium binding and water content of the sample. It could improve interlaborar tory comparability, but its accuracy could not be proven conclusively, äs a definitive method for this purpose is not available and can scarcely be imagimed.
From a biochemical point of view it is generally accepted that active molality in serum water is probably the best parameter of sodium for describing ongoing biochemical processes. It is, however, also almost universally assumed that physicians will not accept this quantity.
Therefore, in the futüre, one could envisage accuracy assessment of ion-selective electrodes with a reference method (to be developed) for the determination of active molality that requires no assümptions. Patient results would then be reported in a form more familiär to the physician. This, however, implies assümptions concerning certain variables.
Free molal concentration
Free molal concentration can be calculated from active molality (equation 4): Temperature-dependent constant B:
Temperature-dependent constant I:
lonic strength
Nevertheless it is said to vary only within narrow limits in serum. If efforts to establish a reference method for ionized calcium (4) should be successful, one could imagine that a reference method for the determination of the free molal concentration of sodium could also be developed.
Total molal concentration
The total molal concentration of sodium is defined by equation 6: m Na The free molal concentration of sodium is a quantity difficult to sübstantiate, äs sodium binds to e. g. proteins and carbonate. Usually, the total amount of bound sodium is, however, only about 1.5% of total. That is why methods that determine total molal concentration may nevertheless be useful tools for the accuracy assessment of measurements of free molal concentration by ion-selective electrodes.
Two different approaches can be envisaged for this purpose:
Firstly, by neglecting sodium binding completely, the sodium concentration in serum water can be calculated from the concentration of sodium in (total) serum (determined by the established reference method (1)) and the water content of the serum, which can be measured according to 1. c. (5).
As a second approach, it is proposed (6) that proteins and lipids are removed by ultracentrifugation. The concentrations of sodium in the supernatant, äs determined by the NIST reference method (1) and by ion-selective electrodes, should agree closely, even if the value from ion-selective electrodes is slightly lower, äs it does not comprise sodium bound to carbonate or to other anions not separated by ultracentrifugation. It must, however, be remembered that the electrolyte composition of the supernatant differs from the electrolyte composition of the serum water of the pertinent serum. Therefore this approach can be proposed only for the accuracy control of ionselective electrodes, but not for the accuracy control of measurements of the total molal concentration of sodium in native serum water. A possible influence of proteins on the electrode is not monitored.
The sodium concentration in serum water will perhaps be more easily accepted by physicians than the active molality of sodium. Sodium concentration in serum water is, nevertheless, an independent quantity with a reference interval of its own, and it must be distinguished clearly from sodium concentration in (total) serum.
Adjusted active substance concentration
To remove all these difficulties, a new quantity has been proposed for use in the measurement of sodium by ion-selective electrodes: "Adjusted active substance concentration'* (7). By calibration of the ion-selective electrode with so-called "normal" sera, one can achieve a Situation, in which the values obtained by ion-selective electrodes for sodium agree with results obtained by flame atomic emission spectrometry, i. e. the sodium concentration of "normal" sera. In this meaiiing, a "normal" serum is characterised by a mass coneentration of water of 0.933 kg/l, serum hydrogen carbonate concentration of 24 mmol/1, pH 7.40 and concentration of albumin, total protein, cholesterol and triacylglycerols within the reference ränge for healthy subjects. It is evident that this calibration procedure is rather tedious and time-consuming. Sera are needed, which are all "normal" äs defined, but cover a wide ränge of sodium concentrations. This type of calibration material, i. e. secondary Standard specimens instead of primary Standard Solutions, is the least desirable. Which such calibration material, accuracy control on the basis of reference method values is hampered; it can only be performed with sera that match all the characteristics previously described, i. e. "normal" activity coefficient, "normal" binding and, most important, "normal" water concentration (equation 7): The NIST tries to produce calibration sera for this purpose (8) .. The sodium concentration of these sera is determined by the reference method (1). One main target is, however, not attained. Thus, the concentration of (total) sodium in serum will often unpredictably differ to a considerable extent from the "adjusted active substance concentration", because the concentration of serum water shows wide variations, e. g. due to hyperlipidaemia and hypo-or hyperproteinaemia. Such variations influence the sodium concentration in serum, but not its "adjusted active substance concentration" (fig. 2 ). These two values must therefore be reported separately. Identical reference intervals for both quantities are not advantageous, but may be deceiving. Indeed they agree only when the sera contain at least a "normal" amount of macromolecules. In hypoproteinaemia, the reference interval of sodium concentration in serum is higher, in hyperproteinaemia lower, whereas the reference interval of the "adjusted active substance concentration" is unaffected. Furthermore one is used to thinking of an active substance concentration äs a fraction of the total, i. e. a value always lower than the total.
In addition to sodium, these considerations concerning macromolecules are also fully applicable to chloride. Even though macromolecules have a similar analytical influence in the determination of potassium, the clinical importance is less, äs the reference interval is relatively large.
Condusions
Summing up, one can say that depending on the calibration and calculation of results, different quantities are reported for measurements by so-called "direct" potentiometry, be it sodium or potassium. None of the available reference methods is fully satisfactory for the assessment of accuracy, äs they require assumptions, and assumptions are incompatible with stringent accuracy controlv Now,· äs ion-selective electrode measurements for other analytes become more and more populär, a deliberate decision concerning what is measured and what should be reported is necessary. Any protocol should not impede the applicability of accuracy control with reference methods, and it should be applicable for all other analytes that may be measured with ion-selective electrodes in the near future, conforming to the rational system of quantities and units (9).
pH and Blood Gases
The assessment of accuracy of pH, pCO 2 and pO 2 measurements according to the new concept of quälity assessment based on reference method vates could be realized soon, because reference methods for pH and tonometry are available (3, 10) . However, a detailed protocol, which is of utmost importance for attaining and guaranteeing precision, aceuracy and transferability of the reference method aceording to the basic experiments of Cali et al. (11),, is still lacking for these methods.
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